A tool to assess potential for alien plant establishment and expansion under climate change  by Roger, Erin et al.
lable at ScienceDirect
Journal of Environmental Management 159 (2015) 121e127Contents lists avaiJournal of Environmental Management
journal homepage: www.elsevier .com/locate/ jenvmanResearch articleA tool to assess potential for alien plant establishment and expansion
under climate change
Erin Roger a, *, Daisy Englert Duursma b, Paul O. Downey c, Rachael V. Gallagher b,
Lesley Hughes b, Jackie Steel d, Stephen B. Johnson e, Michelle R. Leishman b
a Ofﬁce of Environment and Heritage, New South Wales 2000, Australia
b Department of Biological Sciences, Macquarie University, New South Wales 2109, Australia
c Institute for Applied Ecology, University of Canberra, Australian Capital Territory 2601, Australia
d Victoria Department of Environment and Primary Industries, Victoria, Australia
e NSW Department of Primary Industries, New South Wales, Australiaa r t i c l e i n f o
Article history:
Received 22 January 2015
Received in revised form
27 May 2015
Accepted 29 May 2015
Available online 7 June 2015
Keywords:
Alien plants
Screening tool
Prioritisation
Species distribution modelling
Maxent
Naturalised species
Sleeper weeds
Weed risk assessment* Corresponding author.
E-mail address: Erin.Roger@environment.nsw.gov.
http://dx.doi.org/10.1016/j.jenvman.2015.05.039
0301-4797/© 2015 The Authors. Published by Elseviera b s t r a c t
Predicting the inﬂuence of climate change on the potential distribution of naturalised alien plant species
is an important and challenging task. While prioritisation of management actions for alien plants under
current climatic conditions has been widely adopted, very few systems explicitly incorporate the po-
tential of future changes in climate conditions to inﬂuence the distribution of alien plant species. Here,
we develop an Australia-wide screening tool to assess the potential of naturalised alien plants to
establish and spread under both current and future climatic conditions. The screening tool developed
uses ﬁve spatially explicit criteria to establish the likelihood of alien plant population establishment and
expansion under baseline climate conditions and future climates for the decades 2035 and 2065. Alien
plants are then given a threat rating according to current and future threat to enable natural resource
managers to focus on those species that pose the largest potential threat now and in the future. To
demonstrate the screening tool, we present results for a representative sample of approximately 10%
(n ¼ 292) of Australia's known, naturalised alien plant species. Overall, most alien plant species showed
decreases in area of habitat suitability under future conditions compared to current conditions and
therefore the threat rating of most alien plant species declined between current and future conditions.
Use of the screening tool is intended to assist natural resource managers in assessing the threat of alien
plant establishment and spread under current and future conditions and thus prioritise detailed weed
risk assessments for those species that pose the greatest threat. The screening tool is associated with a
searchable database for all 292 alien plant species across a range of spatial scales, available through an
interactive web-based portal at http://weedfutures.net/.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Invasive alien plant species pose signiﬁcant ecological and
economic threats to natural and agricultural systems worldwide
(Pimentel, 2002; Gurevitch and Padilla, 2004; Simberloff et al.,
2012). Given that invasive alien plants may have the potential to
respond to changing environmental conditions more rapidly than
native species (Willis et al., 2010; Bradley et al., 2012), the potential
for human induced climate change to affect the distribution,au (E. Roger).
Ltd. This is an open access article uphysiology and management of invasive alien plant species has
emerged as a major area for ecological research and as a signiﬁcant
management concern (Dukes and Mooney, 1999; Hellmann et al.,
2008). However, relatively few studies have focussed on the po-
tential for future climate to facilitate new invasions by enabling
naturalised but presently non-invasive (sensu Richardson et al.,
2000) alien plant species to increase in abundance and invade
new areas (but see Duursma et al., 2013). As the climate continues
to change under human inﬂuences, it is increasingly likely that a
new suite of alien plant invaders will emerge in different regions,
many of which currently reside in the regional pool of naturalised
alien plants (Richardson and Pysek, 2012).
An understanding of the potential effects of climate change onnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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vulnerable and which species are most likely to respond to changed
climatic conditions (O'Donnell et al., 2012), can be used to target
regions for management and species for eradication and contain-
ment through pro-active management strategies and focused
monitoring. Many countries have adopted formal Weed Risk
Assessment (WRA) for pre-border screening of potential alien
plants. Current WRA and Weed Risk Management (WRM) systems
generally do not address the future potential threat of alien species
associated with climate change (Downey et al., 2010a; Beaumont
et al., 2014). However, there is general agreement among natural
resource managers of the need to incorporate climate change in
these processes to minimise the threat of invasive alien plants into
the future (Crossman et al., 2011). One approach to resolve this issue
is to use species distribution modelling, a tool that has been used
extensively to understand the likely threat of alien plant species
under climate change. Outputs from species distribution modelling
for alien plants that incorporate climate change scenarios (e.g.
Thuiller et al., 2007; Beaumont et al., 2009; O'Donnell et al., 2012;
Bellard et al., 2013; Duursma et al., 2013), in association with
spatial data on current occurrence, could be incorporated into the
WRA and WRM processes to assess both the current and future risk
as well as the relative change in the risk rating between current and
future conditions. The Australian climate is already changing and is
expected to continue to alter in coming decades. Since 1950 tem-
peratures have risen by 0.9 C and are predicted to continue to in-
crease by up to 1 C (relative to 1980e1999 averages) by 2030 across
Australia (CSIRO, 2011). Altered rainfall patterns are also expected
across Australia by 2030, with both increases and decreases pre-
dicted in different regions of the continent (CSIRO, 2011).
Formal WRA and WRM processes (see Pheloung et al., 1999;
Anon., 2006, respectively) provide a framework that can be
readily adapted to incorporate climate change (Downey et al.,
2010a), allowing an assessment of predicted risk under future cli-
mates to be compared with the risk expected under the current
climate. However, completing these formal assessment processes
requires signiﬁcant resources and time to assess large numbers of
alien plant species and consequently a screening tool or prioriti-
sation system is needed to help prioritise species for assessments.
Such a prioritisation scheme could be two-tiered; ﬁrst based
around climate suitability modelling, assessing the likelihood of
population establishment and expansion based on changes in alien
plant species' current and future suitable habitat and distance from
established populations; in the second phase highly ranked species
would be subjected to the full risk assessment process (e.g. WRA or
WRM)where data on dispersal and spread and other traits could be
incorporated if available. While prioritisation of management ac-
tions for alien plants has been used extensively (Owen, 1998;
Skinner et al., 2000; Robertson et al., 2003; Timmins, 2004;
Tassin et al., 2006; Randall et al., 2008; Downey et al., 2010b), the
concept of employing a system that also incorporates future climate
is relatively new (notable exceptions are Crossman et al., 2011;
Beaumont et al., 2014).
In Australia, almost 30,000 non-native plant species have been
introduced since European settlement (Randall, 2007) of which
approximately 3000 are classiﬁed as naturalised within Australia,
with the vast majority (~2700) not (currently) considered to be
invasive (Leishman and Gallagher, in press). Australia has adopted
WRA and WRM systems at Commonwealth and State levels to
screen new plant species imports and to assess the weed risk of
non-native alien plants once they become naturalised in Australia
(Downey et al., 2010a). Both systems rely on an assessment protocol
to determine the risk relative to the action ormanagement required
(i.e. prevent importation or eradication). Whilst the number of
WRM assessments that have been completed is increasing, thisnumber is small compared to the number of naturalised alien
plants present in Australia, in part due to the considerable re-
sources and time required to undertake each assessment.
The objective of this study was to develop a decision support
tool that incorporates species distribution modelling for alien
plants, using criteria developed in workshops of risk assessment
experts, to rate alien plant species according to a predicted current
and future threat level based on climate scenarios. We used data for
292 naturalised plant species, representing ~10% of Australia's
naturalised but not yet invasive ﬂora. Our speciﬁc aims were to: (1)
use a species distribution modelling approach to identify areas of
abiotically suitable habitat for 292 naturalised alien plant species
under baseline climate conditions for the period 1950e2000 and
future climates for the decades 2035 and 2065; (2) use expert
opinion to identify spatially explicit criteria to assess the likelihood
of population establishment and expansion; and (3) develop a
screening tool based on the identiﬁed criteria to rate species ac-
cording to potential current and future threat. The outcome
generated by this screening tool is intended to aid natural resource
managers in assessing invasion threat of naturalised species and
this knowledge is used to prioritise species for WRM assessments.
Whilst this study uses an Australian example to demonstrate the
screening tool approach, the approach is broadly applicable and is
intended to be adaptable to other regions.
2. Materials and methods
2.1. Developing the screening tool
We convened two workshops in which expert stakeholders
representing various aspects of alien plant management and risk
assessment were asked to identify criteria for prioritising species
based on their risk of establishing and expanding populations (i.e.
becoming invasive) under current and future climate projections.
The workshops were attended by experts from government and
research sectors with experience in the ecology, management and
risk assessment of invasive and naturalised alien plant species.
Group discussions were used to devise the screening tool criteria.
The consensus from the initial workshop was that the goal of the
screening tool should be to identify naturalised alien plant species,
which are not yet known as being invasive, that already occur in
suitable habitat and are likely to increase in abundance and/or
distribution under future climate, using output from species dis-
tribution modelling and spatial occurrence data. The information
generated from this method could then be used to prioritise which
species should undergo the more extensive WRM assessment. The
scale of analysis was agreed as Australia-wide, given a national
scale could then be adapted for any region of interest to inform
alien plant management. At a follow-up workshop, preliminary
results were presented and the screening tool method was reﬁned.
2.2. Species distribution modelling
We used the software packageMaxENT (version 3.3.3k) (Phillips
and Dudík, 2008) driven by the dismo package 0.7-23 (Hijmans
et al., 2013) in R x64 v2.15.2 (R Development Core Team, 2008) to
build models of abiotically suitable habitat for 292 terrestrial
naturalised alien plant species within Australia. These alien plant
species represent approximately 10% of the naturalised but not
invasive alien plants occurring in Australia (Randall, 2007). None of
these alien plant species is listed as noxious in any Australian state.
Species observations for all 292 alien plants were downloaded from
Australia's Virtual Herbarium (AVH; http://avh.ala.org.au/search)
and the Global Biodiversity Information Facility (GBIF; http://data.
gbif.org/occurrences/) in June 2012.
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based on the maximum entropy principle, and produces a contin-
uous probability of relative climatic suitability. It is particularly
suited to presence-only data and preforms well when compared to
other species distribution models. It has been used extensively to
assess the current and future suitable habitat for both species that
are of conservation interest and for invasive species, for a detailed
description see Elith et al. (2011).
We then built models of suitable habitat for each species indi-
vidually using six variables: precipitation seasonality (PS; co-
efﬁcient of variation of AP), maximum temperature in the warm-
est month (MTWM; C), mean annual temperature (MAT; C),
annual precipitation (AP; mm), minimum temperature in the
coldest month (MTCM; C), and topsoil clay fraction (TCF; %
weight). The climatic variables were derived from 5 arc-minute
baseline data (1950e2000), hereafter referred to as the ‘current’
climate conditions. Topsoil clay fraction (TCF) was derived from the
Harmonized World Soil Database (HWSD; version 1.2; available at
http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-
database/HTML/). To build models of suitable habitat we generated
10,000 random background points for each species and the back-
ground points were constrained to the same K€oppen-Geiger
climate classiﬁcation zones (www.koeppen-geiger.vu-wien.ac.at)
as the species' observations. We calibrated MaxENT using a ﬁnal
model setting of a no hinge, no threshold, regulation multiplier of 1,
with all other settings kept in their default settings within MaxENT.
We then applied the models to seven global climate model (GCM)
projections for the decades centred around 2035 and 2065 and
Representative Concentration Pathways (RCPs) 4.5 (CO2 stabilises
at ~650 ppm by 2100) and 8.5 (CO2 rising to ~1370 ppm by 2100),
hereafter referred to as the ‘future’ climate conditions. These two
epochs were chosen as they offer realistic timeframes for planning
long-term management goals for alien plant species. The seven
GCMs were: ukmohadcm3, mpi-echam5, gfdl-cm20, mri-
cgcm232A, csiro-mk30, ukmo-hadgem1, and ccsr-miroc32med
(see Duursma et al., 2013 for further details on the modelling
including model calibration and assessment, as well as species'
selection). Interactive maps of the projected conditions in each
GCM and RCP are available from http://climascope.tyndall.ac.uk/
Map/Details?mapid¼39946&overlayid¼0. For each species we
then determined the mean consensus across the seven GCMs for
each of the two future time periods and RCP scenarios. In an effort
to simplify results, and due to the similar trends seen across all
future scenarios, we discuss the screening tool results for species
modelled using RCP8.5 in the 2065 future climate only. All habitat
suitability maps derived from model outputs for each species, as
well as the results of the other climate scenarios, can be viewed at
http://weedfutures.net/.
2.3. Criteria for prioritising species
Within the stakeholder workshops, ﬁve criteria that encom-
passed current occurrence, size and location of suitable habitat,
were developed to assess the likelihood of population establish-
ment and range expansion of the naturalised alien species under
current and future climatic conditions. The ﬁve criteria were: (A)
number of gridded observations per 100,000 km2, (B) habitat
suitability of observations, (C) area of suitable habitat, (D) area of
highly suitable habitat, and (E) minimum distance from highly
suitable habitat to the gridded observations. The deﬁnition of each
criterion is provided in Table 1.
The number of gridded observations per 100,000 km2 (i.e.
recorded locations of a species within a predeﬁned grid) provides
an indication of population abundance of the species. Habitat
suitability (a measure of the quality of habitat) of the griddedobservations captures the chance of population growth and
expansion, with high habitat suitability scores likely to be asso-
ciated with strong future growth of known populations. Area of
suitable habitat provides an assessment of how widespread the
species could become. Similarly, area of highly suitable habitat
provides an assessment of the predicted area that is highly suit-
able for the species' growth and survival. Minimum distance from
highly suitable habitat to the gridded observations (i.e. current
known locations) provides a measure of the likelihood that a
species could spread from its current area of occurrence into an
area of highly suitable habitat, resulting in population expansion
or spread.
Each of the criteria was based on spatial factors only (location of
occurrences, size suitable habitat and distance between the two), in
part because of a paucity of other information for many of these
species. Although plant traits such as regeneration time and
dispersal ability are likely to inﬂuence the species' ability to move
or disperse around the landscape, it was agreed by the stakeholders
in the workshops that the use of species' trait data was more
applicable to a WRM process and should not be used in the
screening tool, thereby ensuring there is little confusion between
the screening tool and the WRM system.
2.4. Species rating process
We applied a points-based scoring system to categorise the
range of data within each of the ﬁve criteria described above. This
second scoring exercise was used to rank species according to their
potential risk of invasion under future climates. Data for each of the
ﬁve criteria were divided into the following quantiles: 0.05, 0.25,
0.75, and 0.95, which resulted in the grouping of data around ﬁve
bins or ranges, being: 1 ¼ 0e0.05, 2 ¼ 0.05e0.25, 3 ¼ 0.25e0.75,
4 ¼ 0.75e0.95, and 5 ¼ 0.95e1; a process applied equally to all ﬁve
categories. Each bin was subsequently assigned a score of 2, 4, 6, 8
or 10 points, respectively (see Table S1). All 292 alien plant species
were then assessed and given a score for all ﬁve criteria. The points
for all ﬁve criteria for each species were then summed to give a
score out of 50 (maximum value), with larger scores (i.e. closer to
50) indicating higher threat values. The minimum calculated score
was 10 and the maximum was 46. Species were then rated as
having low, medium or high potential for population establishment
and expansion [threat], based on the following score categories:
Low 24 points; Medium 25e41 points; High 42 points. The
determination of these three threat categories was based on an
assessment of the frequency distribution of scores across the 292
species and the implementation of natural jenks to divide species
into groups and set the category boundaries.
We used the same scoring system, criteria and threat cate-
gories for both the current and future climate scenarios, thereby
enabling direct comparisons of current and future conditions to be
made.
3. Results
3.1. Species distribution model accuracy and variable contributions
Across all 292 naturalised alien plant species, the average
MaxEnt model AUC score for the test data was 0.93 (±0.05) with a
range from 0.78 to 0.99. The results of the test data indicate that the
predicted abiotically suitable habitat for each species was corre-
lated with a random sample of 10% of observations; which were
omitted from the species' training records and used to test the
models. Minimum temperature in the coldest month (MTCM)
contributed the most explanatory power for deﬁning suitable
habitat (41.8%) and topsoil clay fraction (TCF) contributed the least
Table 1
The ﬁve criteria used to assess the likelihood of population establishment and range expansion of alien naturalised plant species, based on output from species distribution
modelling for current and future climate conditions and species occurrence data.
Attribute Description
Gridded observations per 100,000 km2 The number of 8 km  8 km grid cells with recorded species present, standardised to
observations per unit area
Habitat suitability of observations The average habitat suitability where the known gridded observations occur under the
climate scenario being considered. Suitability is based on MaxENT modelling output of
climate and soil variables
Area of suitable habitat The area where modelled habitat suitability is above or equal to a base threshold under the
climate scenario being considered. Suitability is based on MaxENT modelling output of climate
and soil variables
Area of highly suitable habitat The area where habitat suitability is greater than 0.5 under the climate scenario being considered
Minimum distance from highly suitable
habitat to the gridded observations
The smallest distance between the gridded observations and the location of highly suitable habitat under
the climate scenario being considered
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see Duursma et al. (2013).
3.2. Assessment criteria
A comparison of modelled habitat suitability of known popu-
lation locations under current climatic conditions with those for
2065 revealed that 226 naturalised alien plant species showed
decreases in habitat suitability quality, eight remained the same
and 58 had an increase. Under current conditions the maximum
number of species with suitable habitat in a grid cell was 248with a
country wide mean of 61.7, and under future conditions the
maximum stayed the same while the mean decreased to 58.9. Two
hundred and thirty eight naturalised alien plant species were
projected to have a decrease in the area of suitable habitat between
current and 2065 climate conditions while 54 were projected to
have an increase. Forty species had an increase of less than 10% in
relation to currently suitable habitat, and 14 species had an average
increase of 33.8% (SD 22.9).When comparing area of highly suitable
habitat for each species between current climatic conditions and
2065, 236 species had an average decrease of 23% (SD 19%), 51 had
an average increase of 14.8% (SD 31%), and ﬁve species did not have
highly suitable habitat in either time period. Of the species with a
decrease, 18 had a decrease greater that 50% and an additional 64
had a decrease of greater that 25%. The minimum distance from
highly suitable habitat to the gridded observations decreased an
average of 116 km (SD 224) for 14 naturalised alien plant species
between current climatic conditions and 2065, increased an
average of 30 km (SD 128) for 54 species, remained the same for the
215 species, and nine species did not have highly suitable area in
current or future climatic conditions. For individual species' results
see http://weedfutures.net.
3.3. Screening tool
The screening tool identiﬁed 14 naturalised alien plant species
with a high likelihood (rating score  42 points) for population
establishment and expansion under current climatic conditions.
Under the future climate scenario 10 species were identiﬁed as
having a high likelihood for population establishment and expan-
sion (see Table 2 for complete details of species with high likelihood
scores). Only one species, Brachypodium distachyon, was identiﬁed
as a high risk under 2065 climate, but not under current climate.
Similarly, the number of species identiﬁed as medium risk was
lower under future climate conditions (202) compared to current
climatic conditions (213), while the number of species identiﬁed as
low likelihood for population establishment and expansion
increased between current (63) and future (80) climatic conditions.
Although 10 species (Table 2) were rated as having a high threat forpopulation establishment and expansion under future climate
conditions, the percentage of suitable habitat under future climate
conditions is expected to increase for only two of these species,
both of which are in the family Poaceae: Dichanthium annulatum
and Brachypodium distachyon. The screening tool was designed to
be ﬂexible so that if new species are added or removed the scores
for the rest of the species will change as the intention is to identify
the subset of species that pose the highest risk based on current
distribution and habitat suitability under future climates.
Species that showed an increased score in at least one criterion
under RCP 8.5 2065 conditions are listed in Table 3. All the criteria
scores for these species either remained unchanged or increased by
one category (2 points). One species moved into the highest risk
category and four species went from low to medium risk. Six spe-
cies remained in the lowest risk category, with the remainder
staying in the medium risk category. Three species had score in-
creases in more than one criterion: both Gossypium thurberii and
Panicum bulbosum increased in degree of suitable habitat as well as
area of suitable habitat and minimum distance from suitable
habitat to infestations (three criteria) and Cajanus cajun increased
in habitat suitability and area of highly suitable habitat. The most
common change was in degree of habitat suitability (11 species),
with nearly as many increases in area of highly suitable habitat (9
species) and less than half each for area of suitable habitat and
minimum distance from suitable habitat to infestations.
4. Discussion
As the climate continues to change, decision support tools will
be needed to help land managers allocate resources for a range of
management issues, including limiting or preventing future in-
vasions by naturalised alien species. The screening tool presented
here can help evaluate the likelihood of population establishment
and spread of naturalised species under current compared to future
climate scenarios. Thus species can be rated on the basis of po-
tential invasion threat, which can then be used to prioritise which
species should undergo further detailed WRM assessment. Tar-
geted early intervention, based on an assessment of the threat,
under current or future climatic conditions is the most effective
management approach for new and emerging alien species
(Duursma et al., 2013).
4.1. Suitability modelling
Our results suggest that the changing climate will reduce the
extent of suitable habitat, under future climate scenarios, for a large
pool of naturalised, but not yet invasive alien plant species within
Australia, with some exceptions for individual species. Reductions
in habitat suitability across multiple alien plant species have also
Table 2
Species with high likelihood score of population establishment and expansion under either Current or RCP 8.5 2065 climatic conditions.
Species High likelihood score Family Longevity Growth form Suitable habitat within Australia (%)
Current RCP8.5 2065 Current 2065 (RCP 8.5)
Schinus molle Yes Yes Anacardiaceae Perennial Tree 53.4 47.8
Conyza sumatrensis Yes No Asteraceae Perennial, Annual Herb 28.6 23.2
Citrullus lanatus Yes Yes Cucurbitaceae Annual Herb, VSC 96.9 96
Cucumis myriocarpus Yes Yes Cucurbitaceae Annual Herb 54.3 47.7
Cyperus eragrostis Yes No Cyperaceae Perennial Graminoid, Herb 31.3 25.8
Macroptilium lathyroides Yes No Fabaceae Biennial, Annual Herb 80.6 65.2
Chloris virgata Yes Yes Poaceae Annual Graminoid 86 82.6
Briza minor Yes Yes Poaceae Annual Graminoid 29.5 27
Bromus rubens Yes No Poaceae Annual Graminoid 28.7 25.1
Dactyloctenium aegyptium Yes Yes Poaceae Annual Graminoid 73.9 63.4
Dichanthium annulatum Yes Yes Poaceae Perennial Graminoid 77 79.7
Eragrostis barrelieri Yes Yes Poaceae Perennial Graminoid, Herb 68.3 63.8
Brachypodium distachyon No Yes Poaceae Annual Graminoid 21.4 22.1
Solanum americanum Yes Yes Solanaceae Annual Herb 51.7 45.2
Solanum pseudocapsicum Yes No Solanaceae Perennial Shrub 49.3 39.5
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Australia and globally (Scott et al., 2008; Bellard et al., 2013). Like
our ﬁndings, these studies show that habitat suitability is projected
to increase in a relatively small subset of species modelled. A
detailed discussion of species distribution modelling results and
ecoregion hotspot analysis for the species in this study see
Duursma et al., 2013. Although habitat suitability for most species
was projected to decline under future conditions it is important to
note that many if not all of the species modelled have not yet
reached their full habitat potential. Therefore, even though they are
projected to have decreases in habitat suitability and area of suit-
able habitat under future compared to current climatic conditions,
they may still exhibit substantial increases in abundance and dis-
tribution under the current climate, given their current limited
distributions. Those species that were identiﬁed as having a high
likelihood score for population establishment and expansion under
current conditions could be considered a high priority for WRMTable 3
Species that showed an increased score in at least one criterion under RCP 8.5 2065 con
Score increase between
current and 2065 climate
Current score Cr
Ha
su
Gossypium thurberi 6 14 2
Panicum bulbosum 6 16 2
Cajanus cajan 4 24 2
Aeonium arboretum 2 32 2
Bixa orellana 2 24 2
Brachypodium distachyon 2 40 2
Centrosema plumier 2 24 0
Chloris pilosa 2 32 2
Clematis ﬂammula 2 26 0
Codiaeum variegatum 2 30 2
Dichrostachys cinerea 2 28 0
Eragrostis atrovirens 2 26 0
Hypericum humifusum 2 22 0
Ipomoea aquatic 2 38 0
Ipomoea grandifolia 2 34 0
Mecardonia procumbens 2 26 2
Medicago arborea 2 26 0
Medicago littoralis 2 32 0
Paspalum paniculatum 2 30 2
Pennisetum glaucum 2 32 0
Pinus ponderosa 2 14 0
Retama monosperma 2 22 0
Solanum nigrescens 2 24 0
Stylosanthes humilis 2 34 2
Vinca minor 2 20 0
Total 11assessment.
It is also important to take into account a number of limitations
of distribution modelling when interpreting the results of this
aspect of our study. For instance, whilst we have modelled changes
in the suitability of climate and soil conditions under future cli-
mates we have not been able to take into account how introduction
pathways, disturbance regimes or land-use may change in coming
decades. It is probable that climate change will alter these impor-
tant drivers of invasion dynamics and that this may have ﬂow-on
consequences for the management of alien plants (Leishman and
Gallagher, 2015).
4.2. Criteria to assess the likelihood of population establishment
The criteria we used to assess the likelihood of population
establishment and range expansion were agreed by alien plant risk
assessment experts and based on output from species distributionditions.
iteria score changes
bitat
itability
Area suitable
habitat
Area highly suitable
habitat
Minimum distance to
suitable habitat
2 0 2
2 0 2
0 2 0
0 0 0
0 0 0
0 0 0
2 0 0
0 0 0
0 2 0
0 0 0
0 0 2
0 2 0
0 0 2
0 2 0
0 2 0
0 0 0
0 2 0
0 2 0
0 0 0
0 2 0
2 0 0
2 0 0
0 2 0
0 0 0
0 0 2
5 9 5
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used were similar to those selected by Crossman et al. (2011) who
used species distribution modelling at a landscape scale to model
current and future climate to predict the spread of 62 invasive plant
species across an area of approximately 3880 km2 in South
Australia. Crossman et al., 2011 employed expert opinion to develop
criteria used to model the relative invasion threat of the invasive
plant species. Criteria used to assess threat included: alien plant
status; dispersal syndromes; dispersal kernel and habitat expan-
sion factor. This last criterion was calculated as the ratio of change
in habitat suitability from the current climate compared to the
predicted future distribution under climate change. The dispersal
kernel and habitat expansion criteria used by Crossman et al., 2011
are comparable to our use of ‘area of highly suitable habitat’ and
‘minimum distance from highly suitable habitat to gridded obser-
vations’ (Table 1). Both provide a measure of likelihood that a
species could spread from its current area of occurrence into an
area of highly suitable habitat, resulting in population expansion.
Importantly, our model did not incorporate a measure of dispersal
capacity as data was not available to estimate dispersal distances
for the majority of the 292 species treated. In addition, species' trait
data is already used in formal Weed Risk Management (WRM)
processes which would subsequently be used to assess alien plants
prioritised through our screening tool. Crossman et al., 2011 also
found that the percentage of suitable habitat for the majority of
modelled species was projected to decrease under a future climate
scenario and similar ﬁndings have been reported by O'Donnell et al.
(2012) and Gallagher et al. (2010, 2013).
4.3. Screening tool
Using our point-based species prioritisation scheme we identi-
ﬁed a number of naturalised alien plant species within Australia as
having a high invasion threat under current and future climate
conditions (Table 2). High likelihood species were a mix of growth
forms and longevity (annuals and perennials) from a range of plant
families. Focussing research, survey, and ultimately eradication
efforts on high risk species is likely to be themost cost-effective use
of resources to prevent futureweed problems.While designation of
any point score is arbitrary in absolute terms, it is the relative score
that is important. Further, by designating a set of clear, transparent
rules to assign points, these assessments can be updated rapidly if
new information becomes available. Forsyth et al., 2012 used expert
opinion to identify six criteria that could be used to prioritise alien
plant control operations. Importantly the experts in that study also
agreed on assigned weights of the criteria. Their weighting tech-
nique for prioritising areas for alien plant control demonstrated
that areas could be readily identiﬁed and ranked to assist man-
agement in prioritising alien plant mitigation.
The screening tool also identiﬁed species as high risk for range
expansion under current conditions including: Briza minor, Bromus
rubens, Chloris virgata, Citrullus lanatus, Conyza sumatrensis, Cucu-
mis myriocarpus, Cyperus eragrostis, Dactyloctenium aegyptium,
Dichanthium annulatum, Eragrostis barrelieri, Macroptilium lathyr-
oides, Schinus molle, Solanum americanum and Solanum pseudo-
capsicum. None of these species showed an increase in total risk
score under future climates, whilst eleven of them showed a slight
decrease in risk under future climates, with one third of these
species moving from a high to medium risk category under climate
change. However, as high risk species under current conditions
these should also be a high priority for weed risk assessment.
Having identiﬁed the 14 species (Table 2) that may pose a threat
under current and future conditions, urgent assessment as to their
likely impacts on biodiversity and ecosystem function is justiﬁed
(see Downey and Glanzig, 2006). Once such an assessment of likelyimpacts has been made, further reﬁnement or threat assessment
will be possible. These species could also be the subject of an
awareness raising program directed at the nursery industry, home
gardeners, and restoration practitioners, amongst others, regarding
their potential to become serious weeds. The species rated as
having medium invasion risk, should be prioritised second and
given a full weed risk assessment within the next two to ﬁve years,
with the species given the lowest risk rating prioritised last.
4.4. Conclusions
Species distribution models coupled with spatially explicit
assessment criteria are a useful tool for the evaluation of current
and future threats posed by alien plant species, allowing prioriti-
sation of large numbers of species for management actions. It is
envisaged that this screening tool for naturalised alien plants will
assist land managers in allocating resources for on-the-ground
actions now and in the future in light of climate change, as well
as prioritising species for full risk assessments. Importantly, many
of the species modelled here have not fully realised their current
potential distributions, so even though future projections show a
decrease in threat rating, the actual distributions of many species
can still expand. These species pose a threat to areas where there is
suitable habitat under current and future conditions (Bradley et al.,
2012). Further, the actual pattern of expansion is not easily pre-
dicted due to variation in dispersal modes and deliberate in-
troductions. For example, of the 292 species modelled, 110 are
readily available for sale through online plant stores. Two of these
species (Schinus molle and C. lanatus) were identiﬁed through our
study as having a high likelihood of population establishment (for
detailed information see http://weedfutures.net/).
At present, standards and protocols for both weed risk assess-
ment (WRA) and weed risk management (WRM) do not consider
climate change. Our integration of habitat suitability modelling and
spatial occurrence data into a prioritisation screening tool will
allow for aspects of climate change to be considered in regional
planning and builds on previous work towards improved under-
standing of naturalised species' responses to climate change, which
can be used to improve risk assessment. Given many of the 292
alien naturalised plants assessed have limited information avail-
able, outputs fromdecision support tools like our screening tool can
be used to support active management. The preliminary assess-
ment performed here provides a list of high-threat species for both
current and future time periods that should be used to prioritise
species for a formal risk assessment. Data from this study and
species assessments are available through a fully accessible dedi-
cated website (weedfutures.net) that includes a searchable data-
base for use as a decision tool for land managers so they can more
effectively and efﬁciently prioritise resources to cope with
emerging alien plant threats.
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